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ABSTRACT 


An elastomer shear damper has been designed, tested, and compared with the 
performance of the T-55 power turbine supported on the production-engine roller 
bearing support. The Viton-70 shear damper was designed so that the elasto- 
mer damper could be interchanged with the production T-55 power-turbine roller 
bearing support. The results show that the elastomer shear damper permitted 
stable operation of the power turbine to the maximum operating speed of 
16,000 rpm. 

A Mechanical Design Handbook for Elastomers has been prepared under sepa- 
rate cover; NASA CR-165161. This handbook reviews the state of the art in 
elastomer-damper technology with particular emphasis on the applications of 
high-speed rotor dampers. 


vii 



SUMMARY 


A program has been undertaken to: (1) determine the effectivness of an 

elastomer damper for the T-55 power turbine, and (2) provide an Elastomer 
Design Handbook as a usable guide for engineers designing elastomer dampers 
for rotating machinery. 

The Viton-70 elastomer damper has clearly shown its viability as an ef- 
fective shear damper on the T-55 power turbine. The elastomer permitted safe 
operation of the rotor and excellent control of synchronous and nonsynchro- 
nous excitation through all phases of testing to 16,000 rpm. The elastomer 
damping capabilities were predictable with excellent correlation achieved 
between test data and analysis, and offered no special problems in this 
rotor application. 

The Mechanical Design Handbook for Elastomers has been completed. Its 
contents include a review of published work of a similar type covering analy- 
sis and experimental investigation of dynamic properties of viscoelastic 
materials and application of elastomeric dampers for high-speed rotating 
machinery. It has been published under separate cover; NASA Cr-165161. 








INTRODUCTION 


A shaft operating above one or more of its critical speeds is subjected to 
any number of destabilizing mechanisms. Splines, material hysteresis, aero- 
dynamic forces, and fluid bearings can and do produce rotor loads which en- 
courage instabilities. With the trend towards higher power density gas tur- 
bines and more compact power transmission shafting with long unsupported 
shafts operating at higher speeds, significant expenditures of manpower and 
facilities are required to insure safe, reliable operation. 

Balancing technology has matured to a point at which the control of syn- 
chronous vibrations is generally not an inhibiting factor in rotor design. 
However, the control of nonsynchronous excitations may require additional con- 
sideration, such as the use of a hydraulic mount or squeeze film damper to 
dissipate undesirable vibration and stabilize the rotor-bearing assembly. 

It is not surprising then to find squeeze film dampers on a wide variety of 
high-speed rotating machinery. But a squeeze film damper is expensive in a 
number of ways. Close tolerance machining, oil supply, and associated plumb- 
ing are generally required. 

It is desirable to find a convenient dry compact damper which offers a 
wide range of stiffness and damping characteristics and which can achieve the 
same control of rotor vibrations offered by the squeeze film. However, 
factors which have inhibited the growth and application of elastomer dampers 
are the limited availability of design-oriented data on their dynamic per- 
formance, environmental stability, and consistency of predictable performance. 

For several years, a program has been pursued at Mechanical Technology 
Incorporated (MTI) whose intent is to quantify dynamic performance of 
elastomer dampers, provide the capability to design for desired character- 
istics, evaluate the effects of environment, demonstrate the effectiveness 
of elastomers in vibration control, and assess problems which may occur in 
applications to high-speed rotating machinery. References 1, 2, 3, 4, and 
5 document previous work under this MTI program. 
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This 


A powerful test method for determining elastomer component properties 
has been developed, entitled M The Base Excitation Resonant Mass Method/ 1 
test method employs a large electromagnetic shaker on which test specimens are 
mounted. The test specimens comprise a one-degree-of-freedom spring-mass- 
damper system in which a variable mass is excited at or near the resonant fre- 
quency of that mass mounted on an elastomeric spring. Transmissibility and 
phase angle across the elastomer spring are measured and, in the region of 
resonance, allow accurate determination of both stiffness and damping. 

Under past test programs the effects of excitation frequency, specimen 
geometry, environmental temperature, dynamic strain, and material have been 
tested. Empirical approaches to predicting component properties have evolved 
and their effectiveness has been evaluated under both translatory and rotat- 
ing excitation. 

MTI has been actively engaged in evaluating the dynamic properties of 
elastomers as well as evaluating their potential for practical applications. 
Past testing permitted a comparison of an elastomeric damper with a squeeze- 
film damper for a power transmission shaft. This program permitted evaluation 
of a Viton-70 elastomer shear-mount damper for operation on the power turbine 
spool of the T-55 gas-turbine engine. The design requirements included con- 
sideration of practical hardware constraints typical of a gas-turbine en- 
vironment. Accordingly, the damper was designed to be active in shear to 
minimize required radial envelope. This is particularly important as many 
gas turbines are multishaf ted and radial design flexibility is inhibited. 

Also the shear-mount design does accommodate axial thrust loading which may 
be required for this type of damper application on gas-turbine hardware. 

As documented, the shear elastomer damper operated successfully to the 
maximum operating speed of 16,000 rpm. Orbit control was reliable with no 
severe or large nonsynchronous components of vibration observed. Thermocouple 
monitoring of the elastomer recorded no temperature in excess of 65°C for all 
of the testing performed. 
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As will be shown, the comparison of analytic prediction and measured data 
for critical speeds, mode shapes, and logarithmic decrement was excellent. The 
T-55 power-turbine elastomer damper clearly demonstrated its ability to con- 
trol rotor vibration for safe, reliable operation. 

Past program activities have generated much test data for both generic 
elastomer materials evaluated, using the ,f Base Excitation Resonant Mass Method," 
as well as specific elastomer damper designs for rotor evaluation. As a por- 
tion of this program, a handbook has been prepared under separate cover, 

NASA CR-165161, reviewing the general state of the art in elastomer technology 
with particular emphasis on high-speed rotor elastomer damper design and 
applications. The handbook covers the general areas of: 

• Viscoelasticity 

• Test Methods 

• Elastomer Material Properties 

• Practical Design Considerations 

• Fabrication 

• Test Results for Rotor Applications. 
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TEST FACILITY 


The test facility used for this program was designed and constructed by 
MTI under NASA Contract NAS 3-20609. It is a prototype high-speed balancing 
system for the T-55 and T-53 power turbine. This facility, although avail- 
able at MTI for this test program, is scheduled for delivery and installation 
by MTI at the Corpus Christi Army Depot (CCAD) for engine balancing. 

The major hardware items of the facility are shown in figures 1, 2, 
and 3 and consist of the following components: 

• Drive Motor 

• Gearbox/Belt-Drive Speed Increaser 

• Vacuum Chamber 

• Hydraulic System 

• Lube Oil System 

• Auxiliary Control 

• Computerized Data Acquisition and Balancing System with 
CRT Display Terminal 


Drive Motor 

The balancing system is driven by a 44.7 kW (60 hp) variable-speed AC 
motor. Motor speed is varied from zero to 1700 rpm by a solid-state Silicon- 
Controlled Rectifier (SCR) circuitry. The motor is a standard-wound rotor, 
open drip-proof, thermostat-protected motor. The motor controller consists 
of solid-state circuitry contained in a NEMA 12 enclosure, and an attached 
bank of enclosed load resistors. Both the motor and controller are supplied 
by Control Products Company and are standard products sold by that company. 
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Speed Increaser 


The speed increaser provides an approximate 1:12 increase in speed from 
the drive motor to the power turbine to be balanced. The speed increaser is 
composed of two components: a standard belt drive and a high-speed gear- 

box. 


Belt Drive . - The belt drive provides a 1:2 step-up in speed, from the 
output of the motor to the input of the high-speed gearbox. The belt drive 
consists of two, side-by-side, 3.31 cm (1.5 in.) wide nonsynchronous belts. 
A belt guard provides a safe enclosure for the belt drive. 

High-Speed Gearbox . - The high-speed gearbox provides a 1:6 step-up 
in speed, from the belt drive to the power turbine to be balanced. The 
gearbox, a standard Sunstrand Model LMV 311, is a totally enclosed unit. 

The low-speed shaft is enclosed by the belt guard described above. A 
high-speed coupling guard provides a safe enclosure for the output shaft 
and coupling. 


Vacuum Chamber 

The vacuum chamber provides a totally enclosed container that insures 
safe high-speed operation of the power turbine to be balanced. The nominal 
chamber wall thickness (1.27 cm (0.5 in.) low-carbon steel) is augmented in 
a plane around the power turbine stages by 2.54 cm (1.0 in.) thick aluminum 
plate. 


Hydraulic System 

The hydraulic system raises and lowers the vacuum chamber cover and 
consists of an off-the-shelf Enerpac Model PEM-1541L electric-motor-powered 
hydraulic pump with associated cylinders, piping hoses, and safety valves. 
The hydraulic cylinders are double acting and maintain position when the 
pump is de-energized. An additional safety feature consists of a support 
rod that supports the vacuum chamber cover in the open position. 
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Lube Oil System 


The lube oil system supplies lubricating oil to the power-turbine 
bearings and consists of an off-the-shelf Tri-Line oil system, composed of 
an electric-motor-powered pump with associated reservoir, piping, fluid 
controls and safety valves, guards and covers. The oil system also contains 
a scavenge pump that returns oil from a sump tank inside the vacuum chamber 
to the reservoir. The reservoir contains a low-level switch which activates 
an audio and visual alarm at the operator stations. 

Vacuum System 

The vacuum system evacuates the vacuum chamber. This reduces windage 
and allows the power turbine to be driven with a low-power drive system. 

The vacuum system is an off-the-shelf Kinney Model KDH-80, consisting of an 
electric-motor-powered, dual'-piston, high-vacuum pump with associated piping, 
controls and safety valves, covers and guards. The vacuum system is capable 
of 3 torr absolute pressure. 


Control System 

Operator Stations . - The balancing system incorporates two operator 
stations. One station is located on the balancing stand itself and provides 
the operator an indication of the mechanical status of the balancing system, 
as well as the capability to rotate the power turbine at low speeds. The 
second operator station is located in the control room as part of the com- 
puter console. This second station also indicates mechanical status, but 
allows the operator to run the power turbine at all speeds. 

Speed Control . - Power-turbine speed is controlled by a potentiometer. 
The potentiometer at the balance stand operator station is limited to a 
maximum of 1000 rpm power- turbine speed. This low-speed capability allows 
the operator to "slow roll" the power turbine to make certain that all sys- 
tems are operating properly. The vacuum chamber cover may be open at these 
low speeds to make visual checks of the power turbine. 
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The speed control at the control room operator station accommodates all 
power turbine speeds to 22,000 rpm. 

Status Display Panels . - The status display sections of each operator 
station indicate when the following parameters are out-of-spec. : 

• Low Lube Oil Pressure 

• High Lube Oil Temperature 

• Low Lube Oil Level 

• Low Vacuum 

• High Vacuum Chamber Air Temperature 

• Vacuum Chamber Door Open 

• High Vibration. 
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ROTOR OPTIMIZATION STUDIES 


The CCAD balancing rig has successfully operated the T-55 power turbine 
to the speed of 16,000 rpm on its production hardware bearing supports. Since 
attaining maximum speed, a number of power turbines have been successfully 
balanced. Even though minor modifications and adjustments to the balancing 
rig have altered the response characteristics, the typical response is as 
shown in figure 4. This figure is a trace of the synchronous response of 
an acceleration pattern for a 90° pair of probes (vertical and horizontal) 
at approximately midshaft location. The two dominant features are the peaks 
at approximately 4,000 and 6,000 rpm. It is significant that the horizontal 
peak at 4,000 rpm occurs when the vertical probe response is minimum. The 
vertical peak at 6,000 rpm shows similarity in the lack of response of the 
horizontal probe. This highly elliptical horizontal orbit, rapidly changing 
to a dominant vertical ellipse, is typical of characteristics of a retrograde 
and forward precession encouraged by asymmetric support characteristics. The 
response of the turbine end at these two speeds is dominant whereas the roller 
bearing end (cold end) shows little activity, indicating a strong precession 
of the turbine such as a rigid body conical mode shape. A subsequent set of 
peaks occurs in the 8,000 to 9,000 rpm speed range, with all probe sets along 
the shaft indicating motion. The activity at this speed has not been pre- 
dicted analytically, but is generally subordinate to the two main peaks at 
4,000 and 6,000 rpm. 

To assess possible rotor modes and the acceptability of the proposed 
rotor-dynamic model, a small exciter was attached to the CCAD rig to excite 
the nonrotating T-55 power turbine. Swept sine-wave excitation, figure 5, 
indicated three possible structural modes: 

• 115 Hz bounce mode of turbine 

• 210 Hz bending mode of shaft 

• 600 Hz bending mode of shaft 

Figure 6 indicates the location of these structural frequencies when com- 
pared to a tuned analytical model of the T-55 (whirl speed marked by M X" at 

zero spin speed axis). This analytic model also predicted a first retrograde 
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(backward) precision turbine conical mode at 4,500 rpm, a first forward mode 
at 6,000 rpm and a first bending (2nd critical) at 21,000 rpm. The production 
engine support rigidity needed to provide this model was reasonable, with a 
roller bearing stiffness of 8.75 x 10 ? N/m (500,000 lb/in.) and a ball bear- 
ing (turbine) pedestal stiffness of 1.40 x 10 ? N/m (80,000 lb/in.). 

Thus it is reasonable to predict the modes at 4,000 to 6,000 rpm yet not 
encounter the bending mode with operation to 16,000 rpm. Gyroscopic forces 
affect the speed of the first backward and forward modes so that a minimum 
of asymmetry is necessary to induce excitation of both the 4,500 rpm and 
6,000 rpm peak. 

Further evidence that the location of the second mode for baseline T-55 
configuration was above the operating speed of 16,000 rpm was obtained from 
observing the supersynchronous excitation of the small 2/rev component of 
motion throughout a normal acceleration pattern to maximum speed. The 2/ rev 
peaked while operating at 7,100 rpm indicating the presence of a mode. This 
is shown as a circled dot located on the dashed line extending from the lower 
left to the upper middle of figure 6. The dashed line represents a whirl 
speed of twice the corresponding spin speed (2/rev excitation) . 

Therefore, from observation of rotor synchronous response, static shaker 
excitation data and observation of the 2/rev vibration, the rotor-dynamics 
model (figure 7) was considered as acceptable for analytic examination of 
possible elastomeric-damper designs. 

Previous elastomer material testing of shear specimens (ref. 1) using the 
MTI Ling Shaker was reviewed for candidate elastomer material selection. 

From figures 8 through 10, the Viton-70 data at 32°C showed the largest meas- 
ured value of loss coefficient for the entire range of frequencies. As the 
loss coefficient is a measurement of the ratio of material damping to stiff- 
ness, a higher value of loss coefficient reflects an increased capacity to 
dissipate energy. Temperature increases make the selection of material for 
damping somewhat arbitrary as the loss coefficient for all materials, Buna-N, 
EPDM, Neoprene and Viton ranges between 0.1 and 0.2 (figure 10) for the 
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entire frequency range. Therefore the decision to use Viton as the 
damping material was based upon the following: 

• Viton-70 shows superior damping properties compared to the 
other materials tested for 32°C or 66°C operation (figure 8 
and 9) . 

• Viton-70 1 s dissipation characteristics are as good as any 
of the other materials tested for operation at 88°C 
(figure 10). 

• Viton-70 was previously used as a damper in successful 
testing of high-speed rotor dampers (references 1 and 5) . 

• Unused Viton material was available from MTI elastomer test 
activity under NASA Program NAS 3-18546. 

The range of loss coefficient from data obtained from shear specimen 
shaker testing of Viton-70 (ref. 5) indicated that a range of loss coefficients 
from 0.15 to 0.75 was reasonable for the 0-16,000 rpm operation of the CCAD 
balancing rig. Accordingly, the T-55 power-turbine rotor-dynamics model was 
modified to determine the optimal damper design (figures 11 and 12) . All 
system damping was assumed to be due to the elastomer damper, consequently 
no structural damping was modeled for the turbine or gearbox bearing. The 
two disk pack couplings were included as elastic elements which offered a 
minimum of bending rigidity but offered full shear restraint. Figure 7 in- 
dicates these couplings at stations 8 and 19 of the rotor model. 

From the rotor damper optimization studies (figures 11 and 12) a number 
of facts surfaced regarding the design of the elastomeric damper: 

• The first critical speed is a conical precession of the tur- 
bine. The nodal point is extremely close to the elastomer 
damper test bearing location. Accordingly, the first criti- 
cal speed offers little damping and is insensitive to the 
elastomer damper stiffness or damping characteristics. 


13 



• The second and third mode shapes offer significant activity 
of the elastomeric damper . Consequently, the critical speed 
location and log decrement of those critical speeds are sen- 
sitive to damper selection. 

• A best, or optimal, tradeoff between the second and third 
mode is obtained by a Viton-70 elastomeric damper of be— 
tween 5.25 x 10 6 - 7.0 x 10 6 N/m (30,000-40,000 lb/in.) 

• It is expected with this value of stiffness, the T-55 
rotor mounted on the elastomeric damper would traverse 
the second critical, which is not within the operational 
range of the roller-bearing mounted production T-55 con- 
figuration (figure 6). 

• The range of log decrement expected for the second critical 
speed is between 0.2 to 1.1 dependent upon the loss co- 
efficient (temperature of operation) for the elastomer 
damper . 
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ELASTOMERIC DAMPER DESIGN AND FABRICATION 


Past damper designs at MTI have consisted of button configurations. One 
of the first applications used a power-turbine simulator as shown in figures 
13 and 14. In that program (ref. 1), the rig was used to evaluate Poly- 
butadiene and Viton as rotor dampers. The design selected consisted of a 
cartridge insert (figure 15) which could easily be interchanged to evaluate 
different materials. This rig proved to be excellent for evaluating syn- 
chronous rotor response. A later MTI button design was developed (ref. 5) 
for elastomeric-damper testing on a power- transmission shaft with an existing 
squeeze film (figures 16 and 17) . The design constraints were different as 
interchangeability of material was not essential, but interchangeability of 
operation between the squeeze film or elastomer without shaft disassembly was 
required for comparison of response characteristics (figures 18 and 19). 

Both the button design selected for the power-turbine simulator and the button 
design selected for the power-transmission rig performed very well. 

The T-55 design offered uniquely challenging problems. This damper con- 
figuration was to be more compatible with actual gas-turbine design technology 
and constraints. Buttons require additional radial envelope and are not neces 
sarily a desirable geometry for a bearing which may also be required to tol- 
erate thrust. Most gas turbines do not have large amounts of radial envelope 
available, particularly if they are multishaft turbofan or turboshaft engines, 
such as the T-55. Design maneuverability and flexibility are generally less 
restricted in the axial direction. The design must also accommodate possible 
thrust loading (although the T-55 roller-bearing mount does not take thrust) 
in combination with radial loads and be capable of controlled preload. These 
requirements were satisfied by a shear damper configuration. 

Figure 20 illustrates the concept used for the elastomer damper mount 
on the roller-bearing support for the T-55. Two Viton-70 shear rings mounted 
along the entire circumference satisfied all requirements. Axial preload 
was accommodated by controlled machining of the outer flanges which attached 
to the housing by twelve equally spaced' socket head cap screws. An overload 
protector was installed by using an 0-ring with a prescribed clearance of 
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0.254 mm (0.010 in.) to avoid interference with normal operation of the dam- 
P er * It was designed to be a back-up protection if the shear damper failed. 
(As all testing proved successful, the 0-ring was never required to dampen 
rotor vibrations.) 

To obtain Viton-70 shear damper with the required stiffness, the results 
of previous MTI shear specimen data were used (ref. 5). Using the values 
for material properties and characteristic temperatures for Viton-70, and 
the unified design curves from reference 5, as shown in figure 21, the analy- 
sis showed that an ID of 6.98 cm (2.75 in.) and an OD of 9.52 cm (3.75 in.) 
for 3.175 mm (0.125 in.) thick Viton specimen would produce a stiffness in 
shear of approximately 6.12 x 10 6 - 7.0 x 10 6 N/m (35,000 to 40,000 lb/in.) 
depending upon strain amplitude experienced in operation. 

Construction of the elastomeric damper (figure 22) consisted of machin- 
ing the aluminum-bearing supports and shear restraining plates, bonding the 
Viton using REN H998 hardener with a RP-138 resin adhesive, and inserting 
four thermocouples and two capacitance probes into the assembly. The over- 
load protection 0-ring was also attached using the REN adhesive. As shown 
in figure 23, the damper was split radially into two halves for ease of as- 
sembly and replacement with the production T-55 support (which is shown on 
the left of figure 24). Prior to installation of the damper on the CCAD rig, 
the elastomer was subjected to static loading for calibration purposes. Fig- 
ure 25 presents the static data for shear loading on the damper. The static 
values of stiffness determined were between 6.12 x 10 and 6.47 x 10 N/m 
(35,000 and 37,000 lb/in.). Static loads were applied and held for up to 
5 minutes. No reduction in load was observed on the pressure load gauge 
(figure 26). For the purpose of shear loading, a mandrel was machined to 
support the inner block on a "V"-block setup (figure 27). In addition to 
shear loading, a static compression load was applied to the two 3.175 mm 
(0.125 in.) elastomer pads. An axial compression stiffness of 1.26 x 10^ N/m 
(72,000 lb/in.) was determined (figure 28). Again holding the load for a 
period of up to 5 minutes did not produce measurable load relaxation. 
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TEST SETUP AND SEQUENCE 


With fabrication of the elastomer damper complete, the CCAD balancing 
rig with a balanced T-55 power turbine was made available for this test 
(figure 29). Figure 30 illustrates the location and designation of the 
proximity probes which were active throughout this testing. In addition, 
phase reference was provided through a Spectral Dynamics Fiber-Optics Tachome- 
ter. A Digital Equipment Corporation PDP 11/03 microcomputer with 32K of 
memory, associated A/D conversion and interface components, and a RXV11 dual 
floppy disk drive for mass storage were used for testing. The AVT52 video 
terminal provided system input /output to the operator. A monitoring oscillo- 
scope also provided a visual display of incoming signals from the vibration 
sensors. All data were recorded on a Sangamo Sabre VI recorder. The test 
sequence was as follows: 

• Run T-55 power turbine supported on production roller-bearing 
mount to 16,000 rpm to establish baseline vibration data 

• Remove engine rolleir-bearing housing and install elastomer- 
damper housing 

• Hook-up thermocouple and capacitance probes #7 and if 8 
(figure 30) 

• Run T-55 on elastomer damper to 16,000 rpm 

• Induce imbalance by the following weight sets: 

- 3 gm at 300° on balance plane if 2 

- 2 gin at 300° on balance plane //I and 2 gm at 120° on 
balance plane if 3 

- 3 gm at 300° on balance plane #1 

• Run with each weight set to 16,000 rpm 

• Remove all imbalance weights and remove elastomer damper; 
install T-55 roller bearing mount 

• Run T-55 to 16,000 rpm and reconfirm baseline performance of 
rotor. 

The installed elastomer damper with the two additional probes (probes 
#7 and if 8) is shown in close-up in figure 31. 
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TEST RESULTS 


The baseline run of the T-55 power turbine supported on the production 
roller-bearing housing showed the characteristics previously noted in figure 
4. Figures 32-34 show the runout compensated synchronous response for probes 
#1 through //6. The data from figure 32, for probes //I and //2, indicates that 
the 4,000 and 6,000 rpm peaks are very small. These occur in figure 34 for 
probes // 5 and //6 and are larger amplitudes, indicating strong precessing of 
the turbine end. The intermediate peaks occur for all probes in the 8,000- 
9,000 rpm range. It is noteworthy that, for the production T-55 engine power 
turbine operating in the CCAD rig, no critical speeds have ever been observed 
above the peaks recorded in the 8,000-9,000 rpm range, regardless of the 
imbalance conditions. The data obtained from the baseline operation indicates 

• Turbine rigid body processional modes at 4,000 and 6,000 rpm. 

This compares favorably with the baseline rotor analysis as 
shown in figure 6. The twin peaks at 4,000 and 6,000 rpm are 
predictable if slight bearing support asymmetry is present 

• Little activity of the roller bearing end occurs at the 4,000 
and 6,000 rpm peaks (figure 32) 

6 The 8,500 to 9,000 rpm peaks are not confirmed analytically 
but results clearly indicated that motion occurs along the 
entire shaft (figures 32 through 34). 

The T-55 roller-bearing housing was removed and the elastomer-damper 
housing was installed. Two of the four thermocouples monitored elastomer 
temperatures whereas the other two thermocouples monitored outer race bearing 
metal temperatures. The two additional probes (probe // 7 and //8 of figure 30) 
were installed with output recorded on the Sangamo Sabre VI tape recorder. 

The T-55 power turbine was then operated to 16,000 rpm. The filtered synchro- 
nous vibration response obtained is documented in figures 35 through 37. Com- 
parative results from the baseline T-55 run (figures 32 through 34) and the 
elastomer-damper test results (figures 35 through 37) are provided for 
probes #1 and #5 in figures 38 and 39. From these results a number of facts 
emerge : 
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• Figures 38 and 39 indicate that a substantial reduction in 
synchronous response occurs for the 6,000 and 8,000 rpm 
peaks with the elastomer operation 

• Figure 39 shows that a reduction in vibration occurs for the 
entire 16,000 rpm operational range for probe #5 

• Probe // 1, figure 38, shows a definite peak occurring in the 
13,500-14,000 rpm range which has provided an increase in 
rotor vibration with the elastomer damper operational. 

The increase in rotor vibration documented for 13,500 to 14,000 rpm range 
appeared to indicate a new mode was being traversed. Accordingly, unbalance 
weights were added to balance planes #1, #2, and #3 (figure 30) to determine 
the sensitivity of this peak and to determine if this peak was indeed the 
second bending mode which was predicted to occur in this speed range by the 
rotor analysis (figures 11 and 12) : 

• Figures 40 through 42 show response for an imbalance of 3 gm 
at 300° added to balance plane //I 

• Figures 43 through 45 shows response for an imbalance of 2 gm 
at 300° added to plane #1 and an imbalance of 2 gm at 120° 
added to balance plane #3 

• Figures 46 through 48 shows rotor response for an imbalance 
of 3 gm at 300° added to plane #2. 

These tests, and in particular the response of probes #7 and #8 of figure 
48, clearly indicate the presence of a critical speed at 13,500 rpm. Thermo- 
couple readings on the elastomer indicated a temperature of approximately 
65°C + 5.5°C (150°F + 10°F) was typical for operation of this damper. This 
temperature was consistently within 3°C of the bearing metal temperature. 
Further, changes in axial thrust load of the thrust bearing did not alter the 
response characteristic of the rotor significantly. 
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A comparison of the analysis performed for the elastomer-damper supported 
system with the measured data provides good correlation for mode shapes 
(figure 49). The following table provides a comparison of critical speeds 
and logarithmic decrements for the two criticals observed. 


TABLE I 

Analysis Measured 



Speed 

Log 

Speed 

Log 


(rpm) 

Decrement 

(rpm) 

Decrement 

First Critical 

6,022 

0.001 

6,007 

0.090* 

Second Critical 

13,535 

0.201 

13,666 

0.206* 


^Average value for all data obtained. 

There is excellent correlation in whirl speed, but the first critical’s 
log decrement is significantly different in value between test and analysis. 

This is due to the fact that analysis has indicated a node at the damper for 
the first critical. Slight Changes in rigidity of the shaft or location of 
roller-bearing support would alter the analytically predicted value of log 
decrement for the first critical appreciably. Further, consideration of 
structural damping which occurs at the turbine end bearing (which is heavily 
participating in the first critical, figure 49) was not included in the anaysis. 
Therefore, the analysis does not reflect this form of parasitic damping which 
can greatly effect the log decrement of the first critical speed. 

Typical measured response indicated dominant 1/rev excitation of the rotor 
through the testing with the elastomer damper active. Figure 50 presents a 
typical frequency spectrum from probe #5 at 13,000 rpm. As shown, relatively 
minor subsynchronous and supersynchronous excitations were experienced and 
the operation of the T-55 power turbine was as predicted throughout the en- 
tire test phase. 
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CONCLUSIONS /RECOMMENDATIONS 


• The shear elastomeric damper designed for the T-55 power 
turbine has proved to be a predictable, reliable dry com- 
pact rotor damper. 

• Excellent correlation of analysis with experimental data was 
obtained for this series of tests for both critical speeds 
traversed. 

• The elastomeric damper was easily installed and presented 
no special problems for operation to 16,000 rpm on the T-55 
power turbine. 

• Thermocouples indicated that the temperature of the shear 
damper remained in the vicinity of 65°C for all testing. 

• Elastomer dampers have proved to be a viable damper that 
can easily be incorporated in any existing gas-turbine en- 
gine design with minimum modifications to existing hardware 
design and at low cost. 

4 Effort should be made to find an elastomer that can sustain 
a temperature higher than 200°C, rotor transients and 
the effects of oil and fuel contamination. 

• A compact low-cost elastomer configuration, suitable to 
high-technology advanced rotor designs, should be evalu- 
ated on engines such as for the cruise missile mission. 
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FIGURES 









Fig, 2 CCAD Balancing Rig - Vacuum Chamber 
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Fig. 4 Synchronous Response of T-55 on CCAD Rig 
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Fig. 7 Rotor Dynamics Model Details 
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Fig. 13 Assembled Test Rig 
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Lg. 14 Schematic Drawing of Rotor System Showing Weight 
Addition Planes and Displacement Probe Locations 
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Fig. 15 Method of Supporting Test Rig Rotor 
on Elastomers 
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Fig. 17 View of Completely Assembled Test Rig Showing 
High-Speed Side from Drive Gearbox End 
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Fig, 18 Elastomer Damper /Squeeze-Film Damper Schematic 




Fig. 20 T-55 Elastomer Supported Roller Bearing Cartridge 
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Fig. 21 Viton-70 Design Curves from Reference 5 
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Fig. 22 Assembled T-55 Power Turbine Elastomeric Damper 
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Fig. 25 Static Shear Loading of Viton-70 T-55 Elastomer Mount 





Fig. 26 Static Shear Load Test Set-Up for T-55 Elastomer Damper 
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Fig. 27 "V'-Block Set-Up for Static Shear Testing 
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Fig. 29 CCAD Test Rig with T-55 Power Turbine and Elastomer Damper Installed 
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Fig. 31 Close-Up of Elastomeric-Damper Support for T-55 Power Turbine in CCAD Rig 
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Fig. 32 T-55 Production Power Turbine Baseline Data 
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Fig. 33 T-55 Power Turbine Baseline Data - Prol 
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Fig. 35 T-55 Elastomeric Damper Baseline Data - Probes #1 and #2 
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Fig. 38 Vibration Plot Comparing Baseline and Elastomer Mounted 
Rotor Response at Probe 1 
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Fig. 43 T-55 Elastomer Damped; 2 gm @ 300° Plane #1, 2 gm @ 120 

Plane #3 
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Fig. 44 T-55 Elastomer Damped; 2 gm @ 300° Plane #1, 2 gm @ 120° Plane #3 
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Fig, 49 Comparison of Test Data with Analytic Predicted Modes 
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